Purpose. Previous research on intergenerational changes in body build has focused on body height and mass. The aim of this study was to determine both the direction and sexual dimorphism of secular changes in body build by using a sample population of students attending the University School of Physical Education (AWF) in Wrocław, Poland. Methods. The anthropometric data used in this study were collected every year from 1967 to 2008 and included a sample size of 4688 males and 3922 females. The subjects were analyzed for changes in somatotype by use of Sheldon's method, as modified by Heath and carter. basic statistical analysis for significance and post-hoc tests were used to analyze the data with Statistica 9.0 software. The data were then converted in Excel 2003 into chart form to analyze the direction of changes. Results. Analysis of the successive classes of male and female subjects during the 40-year period under study revealed a number of different directional changes in the mean values of body height, mass and the level of body build components. Trend lines, calculated by the mean values of five-year intervals, indicated an increasing tendency in both body height and mass in the two genders. Mesomorphy was found to be the largest factor of body build composition of females and males. Throughout the entire analyzed period, the endomorphy of males was significantly lower in comparison to females. In women, the level of fatness was similar to their level of musculature, but during the last several years the observed level of muscle in the students exceeded their fatness level. Ectomorphy happened to be the most stable component of both sexes. Conclusions. Analysis on the male and female sample population revealed a constant increase in body mass and height in successive generations. In female subjects, intergenerational changes were found to be characterized by a decrease in endomorphy and an increase in ectomorphy, while the level of mesomorphy remained at a similar level. In men, a secular trend was visible with an increase in mesomorphy, while the levels of endomorphy and ectomorphy stayed constant.
Introduction
Secular changes in body height and mass, themselves important determinates of body build, have been observed in the population of Poland [1] [2] [3] [4] and other European countries [5] [6] [7] [8] [9] and widely reported in research. It should be emphasized that the changes observed in successive generations featured both accelerating changes as well as drops in mean body height and mass. The most important factors related to the occurrence of these secular trends are attributed to the general progress of civilization and a rise in living standards [10] , where an improvement of living conditions is related to an increase in body mass and height. In addition, research has pointed to many socioeconomic factors as also playing a role, these being: social class [11] , income and education level [12] , family size [13] , urbanization level [14] , place of residence [15] and nourishment levels, illness, birth weight, etc.
Decreases in mean body mass and height are frequently related to a population's deterioration of living conditions, undernourishment and various forms of stress.
The majority of research conducted on intergenerational changes in body build focused on examining body height and mass. A large amount of research data published by, e.g., Proos [16] , Loesch et al. [17] , Fredriks et al. [18] , was taken from health examinations conducted on recruits or children. There are few studies that have been conducted on adult subjects, especially women, and even less have tackled the problem of intergenerational changes in body structure and the mutual proportion of individual body build components. Hence, the question arises: is such an intergenerational trend also related to somatotype?
The aim of this study was to determine the intergenerational changes in body build of adult students attending the University School of Physical Education (AWF) in the city of Wrocław, Poland. Sheldon's method, as modified by carter and Heath [19] , was applied in order to assess body build composition. Analysis was focused on the directions of changes of individual body build components and the sexual dimorphism of these changes.
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Material and methods
The data used in this study were taken from the anthropometric measurement of 4688 male and 3922 female AWF students, collected annually from 1967 to 2008 always in the same season -autumn. The disproportional number of males compared to females, as well as the rather diversified number of individuals in each student year, reflects the demographical structure of the school and students over the past forty years. cross-sectional study allowed for the selection of subjects who were at least 19 when anthropometric measurements were taken (it was assumed that at that point in time their growth had stopped). The body measurement results were then used to calculate the somatotype components (characterized as the level of endomorphy, mesomorphy or ectomorphy) as per Sheldon's method, modified by carter and Heath [19] . Endomorphy, as the somatotype component connected with fatness, was based on skinfold thickness measurements (at the subscapular, abdominal and arm sites). The level of mesomorphy, which reflects musculature, was based on the circumference of the arm and calf, as well as elbow and knee breadth. In both cases, in order to assess the final results, it was necessary to consider the subject's body height. Ectomorphy, which re flects body leanness, was assessed on the basis of body height and mass.
Although the individuals in charge of taking measurements changed over the forty-year period, all anthropological measurements were always taken by physical anthropologists experienced in anthropometry. During the whole period under study, the same type of equipment was used (GPM Anthropological Instruments, Siber Hegner Machinery, Switzerland) with the instruments regularly calibrated. body height was measured with the use of a Martin-type anthropometer, while body mass with an electronic weight scale (accurate to 0.1 kg). The breadth of the humerus and femur were measured with the use of sliding caliper (accurate to 1 mm). A Holtain skinfold caliper was used to assess skin thickness (accurate to 0.2 mm). The girth of the arm and calf was measured with the use of anthropometric tape (accurate to 1 mm).
Analysis of mean body height and mass values and the mean levels of body build components were calculated at one-and five-year intervals. The study subjects were divided into five-year groups (related to the five subsequent years of research) as such a division better presented intergenerational changes. The mean age of the subsequent groups varied between 19.5-23.9 years. The raw data was then organized into chart form by use of Microsoft Office's Excel 2003, which presented the direction of changes in the mean values of body height, body mass and the three somatotype components.
basic statistical analysis was performed using Statistica 9.0 software, with the data tested for significant differences (Student's t-test, ANOVA) as well as with Scheffe's post-hoc test. changes in somatotypes were estimated by the use of Somatotype Analysis of Variance test (SANOVA) [19] . The significance level was set at p 0.05.
Results
Analysis of the successive student years of males and females during the 40-year period revealed numerous changes in the mean values of body height and mass (Tab. 1, 2). The observed changes occurred in different directions. Trend lines, determined by the mean values of the five-year periods, indicated an increasing tendency for both genders in both body height ( Fig. 1, 2 ) and body mass (Fig. 3, 4) .
The mean body height of female students in the 1970s did not exceed 164 cm. In the 1980s, these values varied between 163-167 cm, while in the 1990s the mean value was approx. 166 cm (Tab. 1). The differences in the mean values between some years reached 3 or 4 cm. Men were characterized with a higher body height than women. The height of male subjects in the 1960s and 1970s was 173-174 cm, in the 1970s and 1980s 176-177 cm, in the 1990s between 178-179 cm, and after the year 2000 average body height exceeded 180 cm (Tab. 2). Analysis of the mean values did not reveal any significant differences in classes of around the same timeframe, however, students separated by larger time intervals did show significant differences (Tab. 3, 4). In addition, the variability of the subsequent groups of women seemed to decrease. The mean values of body height reported in the latter (more recent) years were found to be not statistically significant (Tab. 3).
The lowest mean body mass values of women during the analyzed period were observed between the 1960s and 1970s (approx. 55 kg). After the 1990s, the mean values of body mass in female subjects were approx. 60 kg (Tab. 1). The trend line based on the mean values of the five-year intervals revealed a constant but slight increase in female body mass in the successive groups (Fig. 3) . The body mass of male subjects was higher by approximately a few kilograms. At the end of the 1960s and in the 1970s, body mass ranged between 66-70 kg. In the 1980s, mean body mass values did not exceed 72 kg, while in the 1990s they were in the range of 72-74 kg. After the year 2000, the mean body mass of men ranged between 75-77 kg (Tab. 2). The diversity of mean body mass values observed between male and female students during the successive years was similar to what was reported in body height. Similarly, students who studied during the same period did not reveal any significant differences in reference to body mass while those separated by larger time intervals did show significant differences. However, the Table 2 . basic statistical data of the analyzed parameters for the male students in the years under study 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996- 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996- differences reported in male and female subjects in the latter years were less discernible (Tab. 5, 6). In addition, it should be emphasized that the tendency of increased body mass was also probably affected by the increase in body height. Analysis on the successive classes of male and female subjects during the 40-year period revealed many changes in the body build characteristics (endomorphy, mesomorphy and ectomorphy) (Tab. 1, 2), with the observed changes occurring in different directions.
Analysis of the five-year periods revealed mesomorphy, which describes body musculature and skeletal size, to have had the greatest effect on body build com- Table 6 . results of post-hoc testing for the mean body mass of male students ( Figure 6 . Mean level of somatotype components of males from AWF Wrocław position in females (Fig. 5 ) as well as in males (Fig. 6 ). The level of endomorphy (fatness) in female students was mostly similar to the level of musculature until the end of the 1970s, but in separate student year classes, body fatness was greater than musculature (Tab. 1).
The mean level of mesomorphy in women ranged between 3.2-4.4, while the mean level of endomorphy was 2.2-4.4. After the 1980s, the observed level of musculature of the AWF students exceeded their fatness level (Fig. 5) . The distortion between these parameters could be most observed in the second half of the 1980s. At that time, the level of musculature was the lowest for the whole analyzed period. 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996- 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996- 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996- Ectomorphy happened to be the most stable somatotype component in women. The mean values of the successive student years ranged between 2.4-3.0 (Tab. 1). These results indicate a greater tendency of the subjects towards stockier and stronger body builds which was caused by considerably higher levels of musculature and fatness.
In comparison to other groups, analysis between the female groups over the five-year periods revealed that women examined in the second half of the 1980s and in the 1990s displayed the greatest difference in their endomorphy level (Tab. 7). Other groups did not show significant differences in fatness. The greatest differences in musculature were observed between the women exa mined in the 1980s and the rest of the female subjects (Tab. 8). In the case of body leanness, no statistically significant differences were observed in the female groups who studied at relatively similar periods. However, a significant difference in body leanness was observed between women examined in 2006-2008 and those who were tested in the 1960s and 1970s (Tab. 9). 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996- 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996- 1967-1970 1971-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006- Mean mesomorphy levels for male students were found to be 4.2-5.2 (Tab. 2). Overall, the mean values revealed a slight increase of musculature in AWF students, particularly since the 1990s. Accurate significant difference analysis between the separate groups indicated that only the group tested in the second half of the 1980s significantly differed in musculature from the other groups (Tab. 10). The level of musculature in that group was lower than in the remainder of the subjects.
Throughout the entire analyzed period, the fatness of males was significantly lower in comparison to that of females, with the level being 2.0-3.0 (Tab. 2, Fig. 6 ). Only the group examined in the first half of the 1990s displayed statistically significant differences in the mean level of endomorphy (Tab. 11), as their level was lower in comparison to other groups.
Ectomorphy was the most stable component both in men and women. The mean values of leanness in men ranged between 2.4-3.1 (Tab. 2). The lowest leanness level was observed in the group examined in the second half of the 1990s (Tab. 12, Fig. 6 ).
SANOVA test analysis of somatotype diversity showed statistically significant changes in female body build. In the seventies, female students were characterized as endomorph-mesomorph, while in eighties as more meso morph-endomorph and, since the beginning of nineties, they were found to be as a balanced category of mesomorphy. The changes in body build of males were smaller and statistically insignificant. The most frequent category was the balanced mesomorph. In eighties, the mesomorphic-ectomorphic somatotype was observed.
Discussion
This study's results paralleled the observed increase in body height of the populations of Poland and other European countries, as had been reported in a number of studies [3] [4] [20] [21] [22] [23] [24] . Tanner et al. [25] reported that the increase in body height of successive generations was mainly related to a lengthening of the lower limbs with only slight change in sitting height. In successive generations, body height increased in both male and female students and the pace of growth was similar for both genders. However, Ziółkowska-Łajp [4] found contrary results: changes in body height over a 30-year period were more pronounced and more dynamic in student males than in females. Eveleth and Tanner [26] also claimed that men are more "ecosensitive", that is, male body height being more susceptible to environmental changes. Then again, Tanner et al. [25] and Kuh et al. [11] stated that the contemporary trend of increased body height is more observable in women than in men, while cole [9] confirmed a greater sexual dimorphism in body height between the two genders. Other research has proven that the pace of body height change in recent years has decreased or even disappeared [8] . However, this was not confirmed in this study, as the pace of body growth throughout the entire examined period was found to be rather constant.
Analysis of body mass also revealed a consistent increase in the successive generations of male and female students. This finding was confirmed in the work done by Ziółkowska-Łajp [4] , Fredriks et al. [23] and roelants et al. [24] . In comparison to women, men displayed a visible increase in body mass which was largely the result of an increase in musculature (with the level of fatness nearly unchanged). However, a decrease in fatness and a slight increase of leanness could be observed in women. The existence of a secular trend in body mass was also confirmed by cole [27] .
Mesomorphy, which describes body musculature, had the greatest effect on the somatotypes of both male and female students. This was probably related to the specific character of the University School of Physical Education. The level of male musculature was significantly higher than that of women. The level of musculature in women was constant while men displayed a slight increase in musculature in more recent times. The values of endomorphy (fatness) in women were higher than in men, with the dimorphism of body build composition being largely the result of differences in the hormonal profile between both sexes, which is connected with different evolutionary roles.
Analysis of somatotype in the five-year periods revealed that the students examined in the second half of the 1980s displayed the lowest muscle level throughout the entire period under study (significantly lower in comparison to other groups), while the groups of male and female students examined in the 1990s displayed significantly different levels of endomorphy in comparison to other groups. They were characterized by the lowest level of fatness. Students who applied to the University during this time were born during the post-WWII baby boom. In order to be accepted by the University, they needed to pass physical fitness tests. The increased number of applicants could have caused students with better performance capabilities to have a considerable advantage over others. In addition, many researchers also pointed to the influence of paragenetic factors (during pregnancy and in infancy) on ontogenetic processes in later development of the body [28] [29] [30] . Furthermore, no sexual dimorphism was observed in the leanness level; both male and female students displayed similar mean values of ectomorphy (2.4-3.1). Such values indicate a tendency towards having a stocky and strong body build due to developed muscles.
The data obtained in this study supports previous conclusions and demonstrated the existence of secular trends in body build. However, the detailed results obtained by different authors in themselves slightly differ, which confirms the fact that changes in body proportion and constitution observed in many generations are worth monitoring. Moreover, research evaluating body build composition in adults and ageing people enables the control of undernourishment, malnourishment or eating disorders and facilitates the monitoring of health conditions within a population. Likewise, it enables the determination of links between fat distribution and the risk of many diseases as well as the death rate [31] .
Conclusions
Different types of secular trends could be observed in different somatic structures of AWF students. This is reflected by the changing conditions of lifestyle as well as different university admission criteria. The conclusions drawn from the research material were as follows:
HUMAN MOVEMENT -changes in the mean values of the analyzed parameters (body height, body mass, endomorphy, ectomorphy, mesomorphy) between the examined groups were in different directions for both males and females. -Analysis, on the basis of five-year intervals, indicated an increase in both body mass and height in successive generations. -Mesomorphy, which describes musculature, was the somatotype component which was most dominant both in male and female AWF students. -Men displayed a higher level of mesomorphy in comparison to women, while women were characterized by a higher level of fatness. -For female subjects, intergenerational changes were found to compose of a decrease in endomorphy and an increase in ectomorphy while mesomorphy remained at a similar level. -For men, a secular trend is visible with an increase in mesomorphy, whereas endomorphy and ectomorphy stayed constant.
